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3. TBT 暴露 30 天后，免疫组化等方法发现 TBT 降低 PCNA 在精细胞中的表达
水平，表现出剂量－效应性关系，其中中浓度和高浓度与对照组相比都有显
著性差异；TUNEL 实验显示 TBT 暴露能够诱导睾丸细胞的凋亡，且凋亡主
要发生在精原细胞和精母细胞中，也呈剂量－效应关系；  
4.  TBT 暴露后小鼠睾丸中睾酮水平没有显著变化，但 17β–雌二醇水平却呈剂
量－依赖性下降，其中 50μg/kg 组的 17β–雌二醇水平与对照组相比有显著性


























































As an important organotin compound, tributyltin (TBT) is widely used and has 
intense toxicity. Reproductive toxicity induced by TBT in mollusk and fish has been 
demonstrated extensively in recent years. However, few studies addressing the effect 
of TBT on reproduction of mammals have been reported. This study was conducted to 
investigate effects of TBT at low doses (0.5, 5, and 50 μg/kg，respectively) on the 
development of gonad in male KM mice as exposed from puberty and insighted into 
the mechanism. Thirty-two mice were divided into four groups randomly and orally 
administered by gavaged once every 3 day with TBT (lasting 30 days). The quality of 
sperms were observed directly by light microscope; the sex hormone levels were 
detected by radio-immunoassay (RIA) method; androgen receptor , endrogen receptor 
and PCNA expression were evaluated by western blotting method; and the cell 
apoptosis was detected with method of TUNEL. 
The results were shown as below: 
1. After exposure for 30 days, though the body weight of male mice treated with TBT 
was not significantly altered, the gonadosomatic indexes of the mice were 
decreased in a dose-dependent manner, and a significant decrease was observed in 
50 μg/kg TBT groups compared to the control. A small quantity of sloughed cells 
in seminiferous tubules was found in 0.5 μg/kg and 5 μg/kg TBT group, but fewer 
layers of seminiferous epithelium and increments of detached debris and more 
sloughed cells in seminiferous tubules of the testis were found in 50 μg/kg TBT 
group by histological examination; 
2. TBT treatment resulted in degeneration of spermatogenesis. According to the 
dectecion of sperm quality, we found TBT significantly decrease the sperm count 
and viability in 5 μg/kg and 50 μg/kg TBT groups compared to the control, while 
significantly elevate the sperm abnormality in 5 μg/kg and 50 μg/kg TBT groups 
both in a dose-dependent manner; 
3. The positive expression of PCNA in seminiferous epithelium in the experimental 















immunohistochemistry analysis, and compared to the control, a significant derease 
was detected in 5 μg/kg and 50 μg/kg TBT groups. Also, an increasement of cell 
apoptosis a dose-dependent manner induced by TBT was observed in testes, and it 
showed that the TUNEL-positive cell detected were mainly in spermatogonia and 
spermatocyte; 
4. Exposure to TBT resulted in a decrease of 17β-estradiol levels of the testes in 50 
μg/kg group compared to the control，but no significant alteration of testosterone 
level between the treated groups and the control. TBT treatment also resulted in a 
decrease of ER-α and ER-β expression in a dose-dependent manner, and it has a 
significant decrease in 5 μg/kg and 50 μg/kg TBT groups compared with the 
control. However, AR levels were increased in a dose-dependent manner in the 
testes of the mice, and a significant increase was also observed in 5 μg/kg and 50 
μg/kg TBT groups . 
In conclusion, the results strongly suggest that TBT exposure at low dose 
suppress the development of testis, cause decrease of spermatogenesis, and cause the 
decrease of the 17β–estradiol levels. The changes of sex hormone induced by TBT 
should be one of reasons that TBT affects the gonad development. Moreover, the 
increase of apoptosis in testis and the disruption of sex hormone receptors expression 
found in this study, especially the latter may be intensively involved in the mechanism 
on affecting the gonad development. 
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第一章 前言 
一、 有机锡污染现状   
有机锡是一类至少含有一个 Sn 一 C 共价键的化合物的总称，分子式为
RnSnX4-n, R 代表烷基或烷基基团，n 为 1-4(即有四种可变的有机锡形式)，X 为
阴离子或阴离子基团(F--, CI--. OH--)。有机锡化合物的性质和毒性主要取决于有机
基团及其性质，X 对它的性质没有什么大的影响，除非 X 基团本身有毒性。三
丁基锡 (Tributyltin，TBT) 是有机锡类化合物中比较重要的一种，占总有机锡产


















对 TBT 进行迅速、有效的富集，其 BCF 值（生物富集系数）相当大，很易引起
累积性中毒[6]。TBT 从防污漆中溶出进入水体后，一部分在水中光的影响和微生
物 (细菌、藻类以及真菌) 的作用下发生降解，速度较快，半衰期一般是几天或


















沉积物也是 TBT 富集的一个重要场所[8, 9, 10]。李中阳等（2003）实验还发现即使
经过蒸煮烹调后TBT仍然存在，提示海产品中TBT的存在对人具有潜在危害[11]。
Devieretal et al.（2003）研究证明了 TBT 可以在水生生物体内富集，更加不容忽
视的是这些水生生物被人食用后可能影响到人类健康[12]。因此，国际海事组织
将 TBT 的每日容许摄入量（TDI）定为 1.6 μg/kg·d；根据对免疫功能的研究，
Penninks 建议为 0.25 μg/kg·d；联合国粮农组织/世界卫生组织（FAO/WHO）












功能，干扰体内激素的分泌，造成生殖和遗传方面的不良后果[18, 19, 20, 21]。这些
物质被称为内分泌干扰物质，有机锡化合物便是其中的一类。 
近年，已有许多研究表明 TBT 能导致多种雌性软体动物的性反转，主要表
现为雌性动物出现一些不正常的雄性性征[22, 23, 24, 25, 26]。在海洋鱼类中，种群中
雌性个体比例下降，幼体数目减少， 终导致种群的衰退[27, 28]。相较 TBT 对海
洋鱼类的研究，对哺乳动物的研究特别是对哺乳动物的生殖系统影响研究则较
少。 
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性作用。发现在 10天的毒性研究中，TBTO的LD50和LD10分别为 74和 34 mg/kg，
给孕期小鼠口饲 TBTO11.7，23.4，35 mg/kg，幼鼠腭裂的发生率分别升高了 7%、
24%、48%[29]。 Baroncelli et al.（1995）发现在孕期的 6~15 d 给予 Swiss 小鼠口
饲 0、5、10、20 和 30 mg/kg 体重的 TBTO 后，多数处理组（除 5 mg/kg 组外）
母鼠在怀孕的后期体重下降，怀孕时间显著延长。在 20 和 30 mg/kg 组，发现出
生时的小鼠体重减轻，出生后胎仔的死亡率和生长率受到母亲行为改变的影响，
幼鼠分散在笼子里，并有受伤的痕迹。10、20 和 30 mg/kg 处理组未筑巢的母鼠
增加，母鼠不照顾幼鼠，并有杀子行为[30]。Ogata et al. (2001) 也发现怀孕 Wistar









一些重要参数，导致精子发生紊乱[33]。Omura et al. (2001) 也曾报道每天以 10 
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